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ABSTRACT 
The effects of human autopsy skin and liver extracts were studied on mitotic incidence 
in cultures of human epidermal cells. Whereas skin extracts inhibited mitosis significantly, 
liver extract had no effect. Neither skin nor liver extract had a significant inhibitory effect 
on mitosis of monkey kidney cells in vitro. These results demonstrate that the mitotic in-
hibitory effects of the skin extracts are tissue specific. The evidence also indicates that skin 
extracts act directly on the epidermal cells, a point which has not previously been demon-
strated. Thus, human skin contains tissue-specifi~; mitotic inhibitory factors similar to 
those described in non-human tissues. 
ti 'I'~ere is evidence that the rate of cell produc-
ti0Uln epidermis and other tissues is at least par-
toa Y regulated by tissue specific mitotic inhibi-
tr: or chalones (1, 2). Partially purified skin ex-
to ~ts have been shown to inhibit epidermal mi-
a!:ls _in the G, phase of the cell cycle and possibly 
turo In the S phase (3). The precise chemical na-
lli e of the inhibitor is not known nor is the th~chanism of action clear. Most of the data in 
110~- field ha.ve been obtained from studies on 
Ski human tissues. In one study, in which human 
CU}~ explants were maintained in vitro as organ 
Ski m:es, extracts prepared from mouse or pig liv: Inhibited epidermal cell mitosis whereas a 
Mark extract had no effect ( 4). More recently 
depr 8 et al. (5) showed that human skin extracts 
cenre~sed DNA synthesis in human epidermal 
spe s.;.n. short-term organ culture. However, the 
l'h~' ICity of the extracts was not determined. 
hutns, at t~e present time it is not known whether 
cific a~ s.k'!l extracts have a specific or non-spe-
tosis nhlbttory effect on DNA synthesis or mi-
hibit. 1'.he demonstration of a tissue specific in-
leadior tn human skin might be of importance in 
of d'ng to an understanding of the pathogenesis 
llsortse~ses of epidermal hyperproliferation, e.g. 
ti011 
8818
· The purpose of the present investiga-
inhib~as to determine whether specific mitotic 
fou11J ~rs a~e detectable in human skin. It was 
hibit h~t, ~ndeed, an extract of human skin in-
l'he S f?ltOSiS of human epidermal cells in vitro. 
teet :ct~ct appears to be tissue specific via a di-
ton on the epidermal cells. 
Jiu MATERIALS AND METHODS 
~t~e:an abdominal skin was obtained during surgical 
Cordint:s and epidermal cell cultures were made ae-
neas sk· 0 a method described earlier (6) . Split thick-
In explants (2 x 2 mm) were placed epidermal 
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side up on glass coverslips in plastic petri dishes and 
held in place with a clot comprised of 1 part chick em-
bryo extract: 1 part chick plasma. Cultures were im-
mersed in Eagle's Minimum Essential Medium and in-
cubated at 37° C in a high humidity incubator in a mix-
ture of 5% CO 2 in air. The culture fluid was changed 
twice a week. Mter 4 days an outgrowing sheet of epi-
thelial cells appeared around the explants. All experi-
ments were performed on 7 day old cultures since at this 
time the outgrowth was found to have an optimal growth 
r.ate and minimal cell overlap. Each complete experi-
ment was performed on outgrowths obtained from ex-
plants from the same piece of skin. Different pieces of 
skin (from different patients) were used for different 
experiments. It has repeatedly been found in this lab-
oratory that there are no significant differences in vitro 
in growth and behavior of normal epidermal cells ob-
tained from the same part of the body but from different 
individuals. 
Primary monkey kidney cell cultures (Microbiological 
Associates) were subcultured in our laboratory and 
maintained for several days under the same conditions 
as were the epidermal cells. 
Tissue extracts were prepared from 3 different sam-
ples of human skin and 1 sample of human liver ob-
tained at autopsy. The skin was cut into small pieces 
and defatted 3 times with cold acetone and twice with 
cold ether. The defatted skin was homogenized at 200-
400 mesh in a Spex Freezer Mill at the temperature of 
liquid nitrogen. The powdered skin (2 gm) thus ob-
tained was extracted with 0.2 M phosphate buffer at pH 
7.5 (3 x 50 ml) in a Sorvall Blender. The mixture was 
centrifuged at 18,000 rpm for 10 minutes and the com-
bined supernatants were dialyzed against deionized 
water at 4° C for 20 hours and lyophilized. Following 
the above procedure, approximately 45 mg of skin pro-
tein could be extracted from 1 gm of defatted skin 
powder. Human liver extract was prepared in a similar 
manner. Protein concentrations of extracts were esti-
mated spectrophotometrically at 280 and 260 nm using 
the formula suggested by Lane (7) and also by the Folin-
Ciocalteu method (8) . The concentration of extracts 
added to the cultures are expressed as Jl.g of protein per 
ml of culture fluid. 
To examine the effect of tissue extracts, the test sub-
* From the Temple University Health Sciences Cen-
ter, Department of Dermatology, The Skin and Cancer 
Hospital of Philadelphia, 3322 North Broad Street, 
Philadelphia, Pennsylvania 19140. 
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stances (extracts) and the metaphase arrest agent, col-
ceroid (2 J.Lg/ml), were added simultaneously to the cul-
tures for a 4 hour period. Immediately thereafter, the 
cultures were fixed in buffered formal in, explants re-
moved, and coverslips stained in acid hematoxylin for 
histological examination. 
The mitotic incidence (M.I.) in epidermal outgrowths 
was measured by counting the number of arrested meta-
phases in the entire outgrowth. The total number of 
cells :n the outgrowth was estimated by a method de-
scribed by Chopra (9). The M.I. , expressed as the 
number of arrested metaphases per 1000 cells, was ob-
tained for each outgrowth and from these individua l 
values the mean M.I. and standard deviation calculated 
for each group (4-6 outgrowths). Consequently, the M.I. 
represents the mean proportion of cells entering mitosis 
during the 4 hour period following colcemid treatment. 
The significance of the data obtained for each experi-
ment was evaluated by using Student's "t" test for 
unpaired data. 
The M.I. for kidney cells was calculated by the same 
method except that the number of arrested metaphases 
was counted from 4 samples each of 1000- 1500 cells. 
RESULTS 
The effects of skin and liver extracts on M.l. In 
the first experiment, skin (Sample A, Table I) or 
liver extracts in concentrations of 350 J.Lg/ml were 
added to 7 day old cultures along with colcemid. 
Cultures were fixed 4 hours later and the M .l. 
calculated in the outgrowths. The results are 
shown in Table I. The M.l. in cultures without 
any extract was 23 ± 5. In the presence of liver 
extract this value was 29 ± 8 whereas with skin 
TABLE I 
The effect of 3 different samples of human skin extracts 
on M.I. * of human epidermal cells in vitro 
Concen- Mitotic incidence ± SD % De-Extracts trntion, press ion ~g/ml Control Treated 
Skin (A) 350 23 ± 5 10 ± 2 57 
Skin (B) 500 18 ± 5 8 ± 2 56 
Skin (C) 500 18 ± 5 8 ± 2 56 
Liver 350 23 ± 5 29 ± 2 0 
* M.I. is the proportion of arrested meta phases per 
1,000 cells accumulated during the 4-hour period fo l-
lowing colcemid treatment. 
extract it was only 10 ± 2. Thus, the skin extract 
inhibited mitosis in the epidermal cultures by 
57% (p < 0.001) whereas liver extract had no in-
hibitory effect at a ll. Similarly, 2 other samples of 
skin extracts (B and C in Table I) depressed mi-
tosis by 56% at a concentration of 500 J.L g/ml. 
Therefore it appears that human sk in extracts 
contain factors not present in liver extract which 
inhibit mitosis of human epidermal cells. 
The effect of different concentrations of human 
skin or liver extracts on M.I. As shown in Table 1J 
skin extracts at concentrations of 60, 300 and 600 
J.Lglml inhibited mitosis by 42%, 67% and 67% 
respectively (p < 0.001). Liver extract at concen-
trations of 60 and 600 mg showed depression of 
21% and 12% respectively, but this was not s ignif-
icant (p > 0.25). 
The effect of skin or liver extracts on M.I. in 
monkey kidney cell cultures. It has been shown 
above that the skin extract inhibits mitosis in 
epidermal ce lls whereas the liver extract has no 
significant effect. It is not clear however, whether 
the inhibitory factors present in the skin extract 
depress mitosis on ly in the epidermis or whether 
they affect cells in other tissues. This question 
was investigated in the fo llowing experiment 
where the effects of liver and skin extracts were 
tested on monkey kidney cells. 
Skin and liver extracts were added to actively 
growing kidney cell cultures at a concentration ~f 
600 J.Lglml. Colcemid was added at the same t ime 
and cultures were fixed 4 hours later. The results 
are shown in Table III. The M .l. in control cultures 
was 18 ± 6 whereas in cultures treated with skin 
or liver extracts, the corresponding values were 14 
± 1 and 14 ± 1 respectively. These values do not 
represent statistica lly significant mitotic inhibi-
tion (p > 0.1) indicating that neither skin nor liver 
extracts had any significant effect on M.I. in 
monkey kidney cell cultures. 
DISCUSSION 
These experiments have demonstrated that 
extracts prepared from human skin (epidermis 
and dermis) significantly inhibit mitosis in cul-
tures of human epidermal cells but not in cultures 
of kidney cells. The growth inhibitory factors of 
TABLE II 
The effect of different concentrations of liver or skin extracts on M. I. * of epidermal cells in vitro 
Untreated 
Extroct concentrat ion, ,.._g/ ml 
60 300 600 
Skin M.I. 24 ± 2 14 ± 2 8 ± 1 8 ± 1 
% depression - 42 (p < 0.005) 67 (p < 0.001) 67 (p < 0.001) 
Liver M.I. 24 ± 2 19 ± 5 21 ± 9 
% depression 
-
21 (p > 0.20) 12 (p > 0.25) 
* M.I. is the proportion of arrested meta phases per 1,000 cells accumulated during the 4-hour period following col· 
ceroid treatment. 
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TABLE III 
Effect of skin or liver extroct (600 11g/ml) on M.I. * in 
monkey kidney cells 
Untreated S kin ex tract Liver e xtract 
M.L 18 ± 6 14 ± 1 14 ± 1 
%de- - 22 (p > 0.1) 22 (p > 0.1) 
pres· 
sion 
* M.I. is the proportion of arrested metaphases per 
1,000 cells accumulated during the 4-hour period fol-
lowing colcemid treatment. 
human skin appear to have several properties in 
common with the inhibitors described for rat and 
pig skin (10, 11), kidney (2) , granulocytes (12) and 
lung (13) . These inhibi tors or chalones are water 
soluble, present in the supernatant of the centri-
fuged homogenate, nondializable and tissue spe-
cific both in origin and effect. 
Bullough and Laurence (14) have reported that 
pig or rat epidermal inhibitor (chalone) acts sy-
nergistically with adrenalin and hydrocortisone 
and similar results have been obtained for other 
tissues (2, 13) . It was shown that skin chalone 
depressed mitosis in the mouse ear epidermis 
only for the first 5 hours in vitro , after which the 
inhibitors became ineffective. The inhibitory ef-
fect could be restored if fresh adrenalin was 
added to the culture fluid. From such experi -
ments these authors concluded that for the first 5 
hours in vitro the endogenous adrena lin acted as 
a co-factor and when the adrenalin was metabo-
lized (after 5 hours) the inhibitor needed fresh co-
factor. Simi larly, Iverson (4) reported that mitotic 
inhibition in the epidermis of human skin ex-
plants maintained for 4 days in vitro by pig or rat 
skin chalone also required adrenalin and hydro-
cortisone. This work, however, is inconclusive 
since other investigators (5) have showed that 
such explants may be deteriorating progressive ly. 
The human skin extract tested in the present 
experiments inhibited mitosis of the epidermal 
cells in vitro in the absence of any supplemental 
co-factors such as adrenalin and hydrocortisone. 
Since the cultures were 7 days old before being 
used experimentally, it seems more than likely 
that endogenous tissue co-factors had been me-
tabolized. Although fresh culture fluid was added 
48 hours before skin extract, any co-factors would 
most likely have been quickly metabolized. This 
point could be cleared up by future experiments 
where extracts are added to cultures maintained 
in defined, protein-free medium for 5 or more 
hours before extract is added. 
Although it repeatedly has been shown that 
skin chalone depresses mitosis in the epidermis of 
mouse ear explants (3, 14, 15) and certain tumors 
(16) , no attempt has ever been made to demon-
strate whether the chalone influence on epidermal 
cells is direct or through some intermediatory fac -
..... 
tors. For instance, Weiss and James (17) demon-
strated that in cultures consisting only of epi-
dermal cells, brief treatment with vitamin A re-
sulted in metaplastic changes indicating that vi-
tamin A acts directly on the epidermal cells. 
Similar information would be of importance in 
establishing the mechanism of action of epi-
dermal chalone. The depression of mitosis in the 
epidermis of mouse ear explants which consist of 
epidermis and connective tissue does not indicate 
whether the chalone acts directly on the epi-
dermis or indirectly through connective tissue 
which in turn influences epidermal mitosis. A 
partial answer to this problem appears to emerge 
from the present work where outgrowths studied 
have been shown to consist entirely of epidermal 
cells (6) . Since the human skin extracts inhibited 
mitosis in the epithelial outgrowths it can be con-
cluded that skin chalone influences epidermal cell 
proliferation directly . Although it is possible that 
epidermal outgrowths may still be influenced by 
the explants (which contained connective tissue) 
this seems unlikely. Moreover it has been demon-
strated repeated ly that dermal and mesenchymal 
influences on epithelial cells do not act over dis-
tances greater than 100 J.l. (18). The vast majority 
of cells in the outgrowths were more than 100 J.l. 
away from the explants. 
Very little is known regarding the influence of 
chalones on the cell cycle . Most studies (14, 15) 
indicate that the active factors influence cell divi-
sion by an effect on the G 2 phase since in these 
studies the inhibitory action was demonstrated 
within 4 hours (a period shorter than the duration 
of G 2) after the addition of tissue extracts. How-
ever, other investigators have shown that the epi-
dermal chalone may also influence other phases of 
the cell cycle . Iversen (3) for instance, showed 
that besides inhibiting mitosis, the epidermal 
chalone depressed the incorporation of 
H 3 thymidine in epidermis. More recently, Elgjo 
(19) demonstrated that the inhibitory effect of 
chalones may be greater in G, than in G 2 • Cell 
cycle studies on human epidermal cells in vitro 
showed that labeled mitosis did not appear until 
7 hours after a pulse of tritiated thymidine (20). 
The fact that mitotic inhibition was obtained in 
the 4 hour period following administration of skin 
extract suggests that, at least in the present ex-
periments, the inhibitory factors act by slowing 
down the movement of cells from G 2 toM. We do 
not yet know if the inhibitors of human epidermis 
influence other phases of the cell cycle. 
Tissue homeostasis is believed by some to be 
regulated by tissue specific mitotic inhibitors or 
chalones. Disruption of the normal balance of 
cha lones may result in the abnormal production 
of excess numbers of cells such as characterize 
psoriasis and perhaps certain malignancies. It is 
important to determine whether excessive cell 
production is related to fai lure to produce or re-
tain the inhibitor or to failure of cells to respond 
normally. Marks et al. (5) attempted to study the 
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effects of human skin homogenates (normal and 
psoriatic skin) on human epidermal DNA syn-
thesis in vitro. They found that n Jrmal as well as 
the psoriatic sk in extracts depressed DNA syn -
thesis in the normal and psoriatic epidermis, a l-
though the psoriatic extracts were more potent in 
their effect. The greater potency of psoriatic 
homogenates, Marks (5) suggested, was due to a 
higher chalone concentrat ion produced by the 
larger mass of malpighian cells. However, this 
study failed to explain the excessive production of 
ce lls in the psoriatic lesion. On the other hand, if 
the chalone mechanism is involved in the etiology 
of psoriasis, it is possible that the psoriatic cells 
actually fail to respond to the inhibitor normally 
since the degree of inhibition of DNA synthesis 
by skin homogenates was shown to be lower in 
psoriatic epidermis than in the normal epidermis 
(5). Rytomaa and Kiviniemi (21) reported that 
chloroleukaemic cells not only produced chalone 
but also were responsive to the mitotic inhibitory 
effect of large doses of exogenous chalone. The 
tumor cells however contained only Ylo-~o of 
normal concentrations of chalone whereas the 
concentration of chalone in the serum of leukemic 
mice was abnormally high . These results indicate 
that tumor cells not only produce chalone at a 
lower rate but also lose it to the blood at abnor-
mally high rates . Simi lar results were published 
for the V x 2 epidermal tumor (16). 
The authors wish to thank Miss Patricia A. Gonnella 
and Mrs. Marjorie H . Leidenroth for their skilled tech-
nical assistance. 
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